The hydrological behaviour of a representative basin in Central Anatolia, Turkey, was studied by isotopic evaluation of water elements. Samples taken from precipitation, groundwater, subsurface water from the unsaturated zone, and streamflow were analysed for oxygen-18, deuterium and tritium to study quantitative aspects of various components of the streamflow. Eight storm events were used to determine the sources of the contributions to the flood hydrographs. Utilisation des isotopes naturels pour l'étude de petit bassins versants anatoliens Résumé Les caractéristiques hydrologiques d'un bassin versant repré-sentatif du centre de la Turquie ont été étudiées en utilisant les isotopes de l'eau. Des analyses isotopiques de deuterium, d'oxygène-18 et de tritium ont été effectuées afin de quantifier les proportions des divers apports constitutifs de la rivière. Huit épisodes pluvieux ont été étudiés pour déterminer l'origine des contributions à l'hydrogramme de crue.
INTRODUCTION
The rainfall-runoff relationship plays an important role in determining the hydrological characteristics of a basin. Since runoff data for each basin in a region are not always available, the required hydrological data can be obtained by using the rainfall-runoff relationship of a nearby representative hydrological basin.
In Turkey, 30 representative hydrological basins are operated by the General Directorate of Village Services. In these basins, the precipitation and runoff values are generally recorded on a continuous basis. The Guvenc basin, which was established in October 1986, is one of the representative basins near Ankara. The purpose of this study is to determine the percentages of the contributions of surface flow, interflow and baseflow to the flood hydrographs of the Guvenc basin.
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BACKGROUND
Quantitative estimation of the contributions of surface runoff, interflow and baseflow to the hydrograph of streamflow can be done by isotope analysis. Because of their characteristics, environmental isotopes such as oxygen-18 ( 18 0), deuterium (D), and tritium (T) are usually used as tracers to identify a given water mass and its interactions with others of different isotopic compositions. In the separation of flow components (surface runoff, interflow and baseflow) the use of environmental isotopes requires the existence of two conditions: (a) the isotopic composition of the rainfall contributing to the runoff hydrograph must be significantly different from those of interflow and baseflow; and (b) the baseflow must have a uniform and stable isotopic composition (Leopolda et al., 1987; Dincer et al., 1970) . Stable environmental isotopes such as 18 0 and D, which are found in measurable concentrations in all natural waters, are expressed in terms of delta (<5) values representing per thousand deviation from Standard Mean Ocean Water (SMOW). Their use in hydrological studies is based upon the fact that when water changes its physical state (due to evaporation, condensation and freezing), heavier isotopes concentrate in the least mobile phase (Payne, 1983; Yurtsever et al., 1986) .
The isotopic composition of precipitation varies with latitude, altitude, distance from the shoreline, rainfall intensity, and temperature of condensation. At a particular location, individual rain events show widely scattered isotopic composition as a function of climatic fluctuations from year to year. They usually converge to an annual average value which is rather constant, to within 0.5-2%o for <5 18 0. Climate-induced long term changes in the isotopic composition of precipitation with surface air temperature over Europe can be characterized by the deuterium concentration gradient of about 1.4%o per °C. Residual scatter is further smoothed out during percolation to the aquifers through the soil layers and, in many cases, the groundwater isotopic composition is indeed remarkably stable in time.
The stable isotopic composition of groundwater depends on the origin of the precipitation, the climatic conditions of the recharge environment, and the recharge process. In other words, only part of the annual rainfall is effective in groundwater recharge, and some fractionation of the isotopic species accompanies certain phases of the recharge process (Fritz et al., 1987; Adar et al., 1987) .
SITE DESCRIPTION
The Guvenc basin, located some 44 km northwest of Ankara, has a surface area of 16 km 2 and an annual precipitation of 460 mm. A fourth order stream drains this basin between elevations 1459 m and 1053 m a.m.s.l. The basin has a recording streamgauging station at the outlet on a V-shaped concrete weir and five recording raingauges to provide the runoff and rainfall data. The Guvenc basin generally receives atmospheric moisture originating from the Atlantic Ocean. The movement of air masses is over either the Mediterranean Sea or eastern Europe with some precipitations along the path. It is therefore expected to have different isotopic concentrations in different precipitations during the year (Altmbilek et al., 1991) .
METHODOLOGY
During a given rainfall, water is continually being assimilated by infiltration into the upper soil layers. Rainfall intensities exceeding the infiltration capacity may result in surface runoff, and the infiltrating water may result in groundwater recharge. The surface runoff is a function not only of the rain amount and intensity, but also of the previous state of the upper soil layers between the successive rain events as well as of the topographical and geological characteristics of the basin. Evaporation from the upper soil layers and mixing in the groundwater modify the isotopic composition of the infiltrating water.
If the total discharge of a catchment area is composed of surface flow due to the latest rainfall, interflow from the unsaturated zone, and baseflow from the saturated zone, with different isotopic compositions, hydrograph separation will depend upon the following mass balance equations:
where Q = discharge contributions (m 3 s" 1 ); D = composition of deuterium (%o); O = composition of oxygen-18 (%o); T = composition of tritium (TU); and subscripts t, s,i and b denote total, surface runoff, interflow and baseflow respectively.
Here, it is assumed that, for each storm event, the temporal variations in the isotopic composition of the rain water and of the interflow are negligible as in the case of groundwater. Such an assumption simplifies the model but brings some uncertainties into hydrograph analysis. From the above formulations, at most three equations can be used because equations (2a) and (2b) are dependent ones.
ISOTOPIC EVALUATION OF WATER ELEMENTS
Collection of samples
All possible water elements in the Guvenc basin were sampled for the environmental isotopes of tritium, deuterium and oxygen-18. The samples were sent to the Isotope Hydrology Laboratory of the International Atomic Energy Agency (IAEA) in Vienna for isotopic composition analysis. Water samples from rainfall, snowpack, streamflow, interflow and groundwater were collected during 1989. Sampling of precipitation was made on an event basis using the precipitation gauges.
Periodic samples were collected from an existing well and a tap fed by water drained from the upper soil layers to monitor the isotopic composition in the saturated and unsaturated zones, respectively. When there was streamflow in the creek, water samples for the environmental isotopes of the streamflow were collected periodically.
Isotopic compositions of water elements
Precipitation at the Ankara station has been sampled and Table 1 gives the results of isotopic analysis of precipitation samples for the Guvenc basin which are plotted in Fig. 2 and compared with the global meteoric water line.
The results of isotope analysis of the groundwater from the saturated zone (well samples) and the unsaturated zone (interflow) are given in Tables  2 and 3 , respectively. They are also plotted in Figs 1 and 2 . The results of the isotopic composition analyses of streamflow are tabulated in Table 4 . The relation between <5 18 0 and <5D for these results is shown in Fig. 3 . Although monthly deuterium and oxygen-18 compositions of the saturated zone and the unsaturated zone are not far from each other, the tritium compositions indicate a definite difference between these two water elements (Fig. 4) . 
Application of isotope technique to Guvenc basin
The differences in the environmental isotopic composition of the flow components of a flood hydrograph can be used to identify the contributions of overland flow, Q s , interflow through shallow root channels or macropores, g,-and groundwater flow, Q b . The separation of such components depends upon the simultaneous solution of mass balance equations describing the amount of water and isotopes in each source (equations (1), (2b), and (3)). For a steady state case, assuming 0-t = O b , they yield: Meas. err. for tritium (TU) 0.7 0.7 0.7 0.7 0.7 0.7 0.9 1.0 0.9 0.9 0.9 0.6 0.8 0.8 -15 -14 -13 -12 -II -10 -9 -8 -7 -6 -5 -4 -3 -2 -I O 80 l8 (%o) Fig. 3 Stable isotopes relation in the streamflow of the Guvenc basin.
Q b = Q t {(T t -T,) + (T t -T s )[(O t -O h )I(O s -O b )]} I(T b -T,)
where Q is the discharge (m 3 s^1); T is the related tritium composition (TU); and O is the related oxygen-18 composition (%o) in each water element.
In these equations all O, T, and Q t values are measured. The three unknowns to be found are direct runoff, Q s baseflow, Q b and interflow, Q-r The isotopic compositions of the different water elements sampled during nine important events in the Guvenc basin yielded the results given by Table 5 (a). During the preparation of the results the three following points were considered. Along the creek, because of the capillary rise, the interflow region may be invaded by groundwater and Q t becomes zero. The application of the previous equations may yield negative surface flow components (meaning the feeding on interflow by the stream). For such cases Q s values are considered to be zero in the computations to determine the so-called calibrated values shown in Table 5 (c).
Discussion of isotopic evaluation
The isotopic compositions of the water elements of the Guvenc basin indicate the following:
Groundwater samples obtained from the saturated zone show very little variation in delta values during 1989. Such uniform isotopic composition indicates that the deep groundwater is spatially and temporally well mixed and has the capacity to buffer short term isotope effects due to specific recharge under important storms. (ii) There is a seasonal change in the stable isotopic composition of the precipitation in Ankara with more depleted values occurring in the colder months. There is a good correlation (r = 0.95) between the long term mean monthly temperature and the average monthly values, as Fig. 5 indicates. (iii) Interflow and baseflow in the Guvenc basin have almost the same stable isotope ratios, but their tritium concentrations are different from each other because of the differences in their ages. In other words, the interflow contribution is due to younger water infiltrated during recent effective precipitations. (iv) The isotopic compositions of groundwaters are very close to those of the long duration mean of March and November precipitations in Ankara (Fig. 1) . This may indicate that only certain precipitations may recharge the groundwater. (v) As estimated using the techniques described, the contribution of baseflow to the streamflow of the Guvenc basin varies from 10 to 95 % with an average value of 61 %. This contribution becomes more important in wet months than in dry ones. (vi) Summer rains enriched in D and 18 0 accumulate in the unsaturated zone from where a large amount is lost by evaporation, and the rest might be pushed down like a piston flow (Yurtsever et al., 1986) during heavy rains in cooler months thus producing similar compositions of stable isotopes for both zones. 
CONCLUSION
The isotopic compositions of precipitation, interflow, baseflow and streamflow have been used to find their contributions to the total flow of a small basin in Anatolia. The results obtained indicate the validity of isotopic evaluation in small basin studies to distinguish storm event water from that of pre-event water in streamflow. This was the first isotopic hydrology study of small basins in Turkey. After learning the difficulties and fruitful outcomes of such studies, it is desired to perform a future long term isotopic study of the Guvenc basin with more hydrological and isotopic data for both wet and dry periods.
